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Rick Field

University of Florida
Qutline of Talk
®» | PCC MB&UE working group “common plots”.

CDF Run 2
300 GeV, 900 GeV, 1.96 TeV

®» CDF MB “common plots” from the Tevatron
Energy Scan

®» CDF UE “common plots” from the Tevatron
Energy Scan

®» Mapping out the energy dependence of
MB & UE: Tevatron to the LHC!

®» CDF new UE observables from thelevatron
Energy Scan

®» Comparisons with PYTHIA 6.4 Tune Z1,
PYTHIA 6.4 Tune Z2*, and PYTHIA 8
Tune 4C.

®» Summary & Conclusions.
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900 GeV, 7 &8 TeV



LPCC  MB&UE Working Group

LRC /Pf/uj‘ifrcb Centre at CERN
MB & UE Common Plots

o aantum
c hromo-
@yaamics

®» The LPCC MB&UE Working Group has suggested
several MB&UE “Common Plots” the all the LHC
groups can produce and compare with each other.

“Minimum Bias” Collisions

Proton ; é é Proton
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CMS Common Plots t &

Observable 900 GeV
MB1: dN,/dn Ny, =1 Done Done
In| <0.8 3 >0.5 Gev/c & 1.0 GeV/c|IRol®pEliZ0 QCD-10-024
MB2: dN /dp; Ny, =1 0| < 0.8 Stalled Stalled

MB3: Multiplicity Distribution
Stalled Stalled

In| <0.8 3 >0.5GeV/ic & 1.0 GeV/qg

MB4: <p,> versus Nchg In progress In progress

In|<0.83 >0.5GeV/c&1.0GeV/q (Antwerp) (Antwerp)

UE1: Transverse Nchg & PTsum as

defined by the leading charged Done Done

particle, PTmax FSQ-12-020 FSQ-12-020
In| <0.83>0.5GeV/c & 1.0 GeV/c

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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a8y CMS Common Plots t.g
o Observable | TTev

MB1: Nepg21 D Done
nl<0.8 & 1.0 QCZ SHE-024
MB2: chhg/dp\> btalled

Note that all the “common plots” require
|n| <0 at least one charged particle with
. pr > 0.5 GeV/c andny| < 0.8!
MBA4: :
§ 0<§ ? This done so that the plots are ‘
Inl <0. less sensitive to SD and DD. oo

lone
FS§ FS@AL2-020

defined by the leadin
particle, PTmax

N|<0.83>05G

Direct charged partic
the particle level wit

5 (including leptons) correted to
o corrections for SD or DD
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VIE Common P
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Direct charged particles (including leptons) correted to
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Proton AntiProton

®» Just before the shutdown of the Tevatron CDF
has collected more than 10M “min-bias” events
at several center-of-mass energies!

P Tevatron
;*:..h P s "
P SOUTCE," Main Injector

e 300 GeV 12.1M MB Events
Etr o 900 GeV 54.3M MB Events

—— T
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—
\/_)J_'

Observable

Common Plots &

MB1: dN,/dn Ny, =1
In| <0.8 3 >0.5Gev/ic & 1.0 GeV/c

Done Done Done

MB2: dN,/dp N,,=11n| < 0.8 In progress In progress In progress
MB3: Multiplicity Distribution

In progress In progress In progress
In| <0.8 3 >0.5GeV/c & 1.0 GeV/c
MB4: <p.> versus Nchg

In progress In progress In progress
In| <0.8 3 >0.5GeV/c & 1.0 GeV/c

UE1: Transverse Nchg & PTsum as
defined by the leading charged
particle, PTmax

In| <0.8 3 >0.5GeV/c & 1.0 GeV/c

p; > 0.5 GeV/c p;>0.5GeVic p;>0.5GeVic

Done Done Done

Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD

R. Field, C. Group, and D. Wilson.
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B Common Pl

oLsS 900GeV
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Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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VIB Common Plots 900G

Pseudo-Rapidity Distribution: dN/dn Pseudo-Rapidity Distribution: dN/dn
2.2 1.15 -

T RDF Preliminary -RDF Preliminary
Corrected Data 900 Gev - Corrected Data 900 GeV

——————————————————————— 1.10 +

1.05 +

Average Number
Average Number

———————————————————————————— 1.00 |
At least 1 charged particle

T Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|r||<.0.8, PT>1.0 GeVic)
1.4 f f f f f f f f f 0.95 f f f f f f f f f
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity Pseudo-Rapidity
126 ng, 2 1p >OSGeV|n|<O E 075E n,, 2 1,p_>1GeV, [n|<0.8 -
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Direct charged particles (including leptons) correted to
the particle level with no corrections for SD or DD
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New CDE ViB Data

Pseudo-Rapidity Distribution: dN/dn

2.5

| RDF Preliminary

Corrected Data

i

900 GeV

Average Number

At least 1 charged particle
Charged Particles (|n|<0.8, PT>0.5 GeV/c)

1.5 T T T T T T T T T
-1.0 -0.8 -06 -04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged particles, dN/dn, with p; > 0.5 GeV/c. Events are required to
have at least one charged particle witln| < 0.8 and g > 0.5 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn

4
TRDF Preliminary ~]
+  Corrected Data 7 TeV
8 n = ) ) = ) ) d
5
o 4
§ CDF 1 96 TeV
o CDF —f ** i *** i ******* ‘; ***** ; *** I ***** 1 ******* Eo 0GeV
sCOF —————— % 71T 71
< AT 300 GeV
4 At least 1 charged particle
T Tune 71 Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged particles, dN/dn, with p; > 0.5 GeV/c. Events are required to
have at least one charged particle witln| < 0.8 and g > 0.5 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn

1.2

| RDF Preliminary

CDF
Corrected Data

1.1+

ol

Average Number

O Atleastlcharged |

Charged Particles (|n|<0.8, PT>1.0 GeV/c)
0.8 + | | | | | | | | |

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged patrticles, dN/dn, with p; > 1.0 GeV/c. Events are required to
have at least one charged particle witin| < 0.8 and g > 1.0 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and
the systematic uncertainty.
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-10 -08 -0.6

Pseudo-Rapidity Distribution: dN/dn \7
2.0 A
TRDF Preliminary 7 TeV /
T Corl ccccc DaLu
1 u ] ] [ ] [ ] [
315+
§ 1 1.96 TeV
Z L
o COF % v+ + = 900 Ge\
: 1CDF —_—_r T T
> 1.0 -
: &[)F ) = u C L] (] M =
| 300 GeV At least 1 charged particle
! TuneZ1  charged Particles (Jn|<0.8, PT>1.0 GeV/c)
0.5 | | | | |

-04 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Pseudo-Rapidity

®» New Corrected CDF data at 300 GeV, 900 GeV, and 1.96 Veon on pseudo-rapidity
distribution of charged patrticles, dN/dn, with p; > 1.0 GeV/c. Events are required to
have at least one charged particle witin| < 0.8 and g > 1.0 GeV/c. The data are
corrected to the particle level with errors that include both the statistical error and

the systematic uncertainty.
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Pseudo-Rapidity Distribution: dN/dn(n=0)
357
1 RDF Preliminary CDF black dots
L Corrected Data CMS red squares
3.0 T [ |
@ I
o) 4
E 25
z T
w £
(@) €
%20 ¢
- i
< I
15 ,, i At least 1 charged particle
T Charged Particles (|n|<0.8, PT>0.5 GeV/c)
1.0 1 f } } T T T T T T T T
0.1 1.0 10.0
Center-of-Mass Energy (GeV)

=®» CMS data at 7 TeV and 900 GeV andCDF data at 1.96 TeV, 900 GeV, and 300 GeV
on dN/dn at n = 0 with p; > 0.5 GeV/c as a function of the center-of-mass emg.
Events are required to have at least one charged g&le with |n] < 0.8 and g > 0.5
GeV/c. The data are corrected to the particle leat with errors that include both the
statistical error and the systematic uncertainty.
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3.5

Average Number

3.0 +
2.5 -
2.0 -
15 -

1.0 |

Pseudo-Rapidity Distribution: dN/dn(n=0)

1 RDF Preliminary CDF black dots
L Corrected Data CMS red squares
Tune Z1
L At least 1 charged particle
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
| } } } T T
0.1 1.0 10.0

Center-of-Mass Energy (GeV)

®» CMSdataat7 TeV and 900 GeV andCDF data at 1.96 TeV, 900 GeV, and 300 GeV

on dN/dn at n = 0 with p; > 0.5 GeV/c as a function of the center-of-mass emg.

Events are required to have at least one charged g&le with |n] < 0.8 and g > 0.5
GeV/c. The data are corrected to the particle leat with errors that include both the
statistical error and the systematic uncertainty.
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2.0

Average Number

15—+
1.0 ~

0.5

Pseudo-Rapidity Distribution: dN/dn(n=0)

TRDF Preliminary CDF black dots
[ cCorrected Data CMS red squares -
Tune Z1
At least 1 charged particle
Charged Particles (|n|<0.8, PT>1.0 GeV/c)
T T T T T } } } } } } } }
0.1 1.0

Center-of-Mass Energy (GeV)

10.0

®» CMSdataat7 TeV and 900 GeV andCDF data at 1.96 TeV, 900 GeV, and 300 GeV

on dN/dn at n = 0 with p; > 1.0 GeV/c as a function of the center-of-mass emg.

Events are required to have at least one charged pg&le with |[n| <0.8 and g > 1.0
GeV/c. The data are corrected to the particle leat with errors that include both the
statistical error and the systematic uncertainty.
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Overall Charng

Pseudo-Rapidity Distribution: dN/dn
3
r  CDF Preliminary
Corrected Data 1.96 TeV
5,0 EEE;%EE; ,,,,,,,
g i E E E E 900 GeV
= 1
S 1 F 8 0§ §F ® 3 3 @
A 300GeV .
< |
T At least 1 charged particle
Charged Particles (|n|<0.8, PT>0.5 GeV/c)
O T T T T } } } f
-1.0 0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Pseudo-Rapidity

1.0

Charged Density

0.50

o
IS
o

o
w
o

0.20

Overall Charged Particle Density

RDF Preliminary CMS red squares |
Corrected Data CDF blue dots
At least 1 charged particle
% Charged Particles (|n|<0.8, PT>0.5 GeV/c)
— 1 ‘ —
0.1 1.0 10.0

Center-of-Mass Energy (TeV)

= Corrected CDF dataon the pseudo-rapidity = Corrected CDF and CMS dataoverall density of

distribution, dN/d n, for charged with p; > 0.5

charged particles with pr > 0.5 GeV/c andij]| <
GeV/c and h| < 0.8 for events with at least one 0.8 for events with at least one charged particle
charged particle with p; > 0.5 GeV/c andiy| <

wi

th p; > 0.5 GeV/c andj| < 0.8 plotted versus

0.8. the center-of-mass energyl¢g scale). The data
are corrected to the particle level with errors
Ecm Nchg error | NchgDen | error that include both the statistical error and the
300 GeV 2.241 0.175 0.223 0.017 systematic uncertainty.
900 GeV 3.012 0.203 0.300 0.020 %8 94N
1.96 TeV 3.439 0.186 0.342 0.019 I\Ichg % d’]
-0.8
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» “Transverse” Charged PTsum Density:Scalar p; sum of the

“Transverse” Charged Particle Density: Number of charged
particles (py > 0.5 GeV/c, )| <n in the “transverse” region as
defined by the leading charged particle, PTmax, dided by the
area inn-@space, .,%213, averaged over all events with at least “Toward”
one particle with p; > 0.5 GeV/c, | <N¢y:-

“Transverse” “Transverse”

charged particles (g > 0.5 GeV/c, | <n in the “transverse”
region as defined by the leading charged particld?Tmax, divided
by the area inn-@space, B.,%2173, averaged over all events with
at least one particle with g > 0.5 GeV/c, fi| <Ny

“Transverse” Charged Particle Average K: Event-by-event <g-> = PTsum/Nchg for charged
particles (py > 0.5 GeV/c,fj| <n.,) in the “transverse” region as defined by the leadig
charged particle, PTmax, averaged over all eventsith at least one particle in the
“transverse” region with p > 0.5 GeV/c, ]| <nNqye-

Zero “Transverse” Charged Particles: If there are no charged particles in the “transverg”
region then Nchg and PTsum are zero and one includéisese zeros in the average over all
events with at least one particle with p> 0.5 GeV/c,fj| <n.. However, if there are no

charged particles in the “transverse” region then tle event is not used in constructing the

“transverse” average py.
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9 New UE Observables it =

» “transMAX” and “transMIN” Charged Particle Density: Number PTmax Direction
of charged particles (g > 0.5 GeV/c, 1| < 0.8) in the the maximum
(minimum) of the two “transverse” regions as defind by the
leading charged particle, PTmax, divided by the ara in n-@space,
2Nn.,+%216, averaged over all events with at least one pacte with
pr > 0.5 GeV/c, fi| <Ngyt-

» “transMAX” and “transMIN” Charged PTsum Density: Scalar p;
sum of charged patrticles (p > 0.5 GeV/c,1j| < 0.8) in the the
maximum (minimum) of the two “transverse” regions & defined
by the leading charged particle, PTmax, divided byhe area inn-¢
space, R.,X2176, averaged over all events with at least one pacte
with p+ > 0.5 GeV/c, fj| <Ny

Note: The overall “transverse” density is equal to the avege of the “transMAX” and
“TransMIN” densities. The “TransDIF” Density is the “ transMAX” Density minus the
“transMIN” Density

‘“TransMAX” & “TransMIN”

“Transverse” Density = “transAVE” Density = (“transMA X" Density + “transMIN” Density)/2

“TransDIF” Density = “transMAX” Density - “transMIN” De  nsity
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®» The “toward” region contains the leading “jet”, whil e the “away”
region, on the average, contains the “away-side” “jg&. The
“transverse” region is perpendicular to the plane ofthe hard 2-to-2
scattering and is very sensitive to the “underlyingevent”. For
events with large initial or final-state radiation the “transMAX”
region defined contains the third jet while both tke “transMAX”
and “transMIN” regions receive contributions from th e MPI and
beam-beam remnants. Thus, the “transMIN” region isvery
sensitive to the multiple parton interactions (MPl)and beam-beam
remnants (BBR), while the “transMAX” minus the “tran sMIN”
(i.e. “transDIF”) is very sensitive to initial-state radiation (ISR) 7¢'*
and final-state radiation (FSR).

“TransMIN” density more sensitive to MPI & BBR.
“TransDIF” density more sensitive to ISR & FSR.

“Away-Side” Jet

0<*TransDIF” <2x"TransAVE”

“TransDIF” = “TransAVE" if “TransMIX” = 3x"TransMIN”"
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S

®» CDF PTmax UE Analysis:“transMAX” |, “transMIN” ,
“transAVE” , and“transDIF” charged particle and PTsum
densities (g > 0.5 GeV/c, fj| < 0.8) in proton-antiproton collisions
at 300 GeV, 900 GeV, and 1.96 TeV (R. Field analykis

®» CMS PTmax UE Analysis:“transMAX”, “transMIN”,
“transAVE” , and “transDIF” charged particle and PTsum
densities (g > 0.5 GeV/c,j| < 0.8) in proton-proton collisions at
900 GeV and 7 TeV (M. Zakaria analysis). The “transMAX”,
“transMIN”, and “transDIF” are not yet approved so | can only
show“transAVE” which is approved.

®» CMS UE Tunes:PYTHIA 6.4 Tune Z1 (CTEQ5L) and PYTHIA
6.4 Tune Z2* (CTEQG6L). Both were tuned to the CMSeading
chgjet “transAVE” UE data at 900 GeV and 7 TeV.

‘“TransMAX”

®» PYTHIA 8: Some comparisons with PYTHIA 8Tune 4C
(CTEQ6L), Richard Corke and Torbj6rn Sjostrand, JHEP
1103:032 (2011), arXiv:1011.1759.
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"Transverse" Charged Particle Density: dN/dnd(pl

"Transverse" Charged PTsum Density: dPT/dndq

-
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"Transverse" Charged Particle Density: dN/dnde "Transverse" Charged PTsum Density: dPT/dnd(pl
1.5 16 -
- J/RDF Preliminary | RDF Preliminary
%‘ corrected data corrected data
5 2] é E
o} S 12+ E
q) 4
B10 4= g %é ,,,,ﬁ 77777 i 7777777 o - %‘% B
(0] [ | =
: e f o % 0 oot b
< A Gogl BT
5 8 & !
-~ |1 = g .
505+ ® E ] 7 TeV
2 CMS (solid red) 7 Tev 204 -8 - GMS (solidrred) — = == === = === === === === - - oo — oo
g ] ATLAS (solid blue) o s ATLAS (solid blue) Charged Particles (| < 0.8, PT > 0.5 Gevic)
F ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeVic) ALICE (open black) 9 ni =9, :
0 0 | 1 I | | 0 0 ] . | | | | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)
"Transverse" Charged Particle Density: dN/dndtpl "Transverse” Charged PTsum Density: dPT/dﬂdQ’l
0.8 - 08 oo :
> |RDF Preliminary 1 ret |drr;|nary
‘©» corrected data . corrected data
& °
8 06+ S 06
e} o i
@ E g E E
o 1 |
5 0 n e ¢ :
2 0.4 Iigﬂl i % § E B 044--------- .7ilﬂ!§,,§,, ,,ﬁ ,,,,,,,,,,,,,,,,,,,,,,,
G 5 g ] .
- . g 1
c " ¢
> ] [ ] n R I
© 02 -7~ CMS (solidredy ~~~~~—~ " -"T "S- - ------------—1 g 0.2 ° CMS (solid Fed)
g ATLAS (solid blue) ~ 900GeV o ATLAS (solidblue) 902 S:YDT)OSG y
= ] 2 ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeV/c) 1 a ALICE (open black) arged Particles (In| < 0.8, .5 GeV/c)
0.0 ; ; ; ; ; ; 0.0 1 1 1 | 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeV/c)

ISMD 2013 Chicago
September 17, 2013

Rick Field — Florida/CDF/CMS

Page 24




"Transverse" Charged Particle Density: dN/dndg| "Transverse" Charged PTsum Density: dPT/dnd¢|

15 — 1.6
-~ |/ RDF Preliminary 1 RDF Preliminary
‘5’] corrected data i corrected data
5 4 Tune Z1 generator level o 4 Tune Z1 generator level
[a) 4 I % 1.2 i*
Q1.0+ )
(o)) 4
IS 2 ]
S 208 f - g
_ S i
© , a 1
g 0.5+ I 1

S ]

% 1 CMS (solid red) 7 Tev 2 0.4 +------CMS(solidrred)- —————-———————-————————————————— |
g ATLAS (solid blue) o ] ATLAS (solid blue) .
= | ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeVi/c) ALICE (open black) Charged Particles (In| < 0.8, PT > 0.5 GeVic)

0.0 1 1 1 1 1 0.0 1 1 1 1 1

0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)
"Transverse" Charged Particle Density: dN/dnde| "Transverse" Charged PTsum Density: dPT/dndeg

0.8 0.8 — i
- 1 RDF Preliminary 1 RDF Preliminary
@ corrected data ° : corrected datal |
c B iy —~Tune Z1 generator level
g 06 ]Tune Z1 generator level | _______________| % 06+
B o
(o)) 4
S 204 - gl L Lo
5 2 ]
& £ ]
202 202"
2 027 CMS (solid red) P 02 --- TTTCMSTSolidTed) T T T T T T T T Tt T T oo Tttt
g ] ATLAS (solid blue) , 900 Gev & 1 ATLAS (solid blue) _ 900 GeV
= ] ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeV/c) ] ALICE (open black) Charged Particles (|n| < 0.8, PT > 0.5 GeVi/c)

0.0 1 f f f f f 0.0 1 1 1 1 1 f

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
PTmax (GeV/c) PTmax (GeV/c)
ISMD 2013 Chicago Rick Field — Florida/CDF/CMS Page 25

September 17, 2013




0.75

0.50 ===~~~ i iii.r!*fi;”i”fﬁ—— .

"TransAVE" Charged Particle Density: dN/dnd@

RDF Preliminary

corrected data

900 GeV

8 Charged Particles (|n|<0.8, PT>0.5 GeV/c)
Il Il Il

PTmax (GeV/c)

0 4 8 12 16 20

PTsum Density (GeV/c)

0.78

052 +------- ill,lliiigi

]
026+ &
® 900 GeV

0.00

"TransAVE" Charged PTsum Density: dPT/dndg|

RDF Preliminary

corrected data

Charged Particles (Jn|<0.8, PT>0.5 GeV/c)
|

0 4 8 12 16
PTmax (GeV/c)

®» CDF and CMSdata at 900 GeV/mn the

charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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®» CDF and CMSdata at 900 GeV/mn the

charged PTsum density in the “transverse
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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CDF and CMS data at 900 GeV/mn the
charged particle density in the “transverse”
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c andn| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.
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CDF and CMSdata at 900 GeV/mn the
charged PTsum density in the “transverse
region as defined by the leading charged
particle (PTmax) for charged particles with
pr > 0.5 GeV/c and| < 0.8. The data are
corrected to the particle level with errors
that include both the statistical error and
the systematic uncertainty.

Page 27




“ransAVIE™

"TransAVE" Charged Particle Density: dN/dnd@ "Transverse" Charged PTsum Density: dPT/dnd@
Y TroF Preliminary  Tune z2* (solid lines) Y TRoF Preliminary 7 TeV — - - =
- Corrected Data Tune Z1 (dashed lines) Corrected Data
:/:, Generator Level Theory 7 TeV I g Generator Level Theory
g 10+ g 107
%,, 0.5 E 05 -} cpu B ula——0""_— __ L 000CGeV- -
3 2 Tune Z2* (solid lines)
5 = =g~ = 300GeV & 300 GeV Tune Z1 (dashed lines)
Charged Particles (|n|<0.8, PT>0.5 GeV/c) Charged Particles (|n|<0.8, PT>0.5 GeV/c)
0.0 | | | | | 0.0 \ f f f |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
PTmax (GeV/c) PTmax (GeV/c)
®» Corrected CMS data at 7 TeV and CDF data ®» Corrected CMS data at 7 TeV and CDF data
at 1.96 TeV, 900 GeV, and 300 Gebh the at 1.96 TeV, 900 GeV, and 300 Gebh the
charged particle density in the"transAVE" charged PTsum density in thé‘transAVE”
region as defined by the leading charged region as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andnj| < 0.8. The data are pr > 0.5 GeV/c andij| < 0.8. The data are
corrected to the particle level with errors that corrected to the particle level with errors that
include both the statistical error and the include both the statistical error and the
systematic uncertainty. The data are systematic uncertainty. The data are
compared with PYTHIA Tune Z1 and Tune compared with PYTHIA Tune Z1 and Tune
Z2*. Z2*.
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®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in 300 GeVon the charged PTsum density in
the “transAVE” region as defined by the the “transAVE” region as defined by the
leading charged particle (PTmax) for leading charged particle (PTmax) for
charged particles with pr > 0.5 GeV/c and charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass data are plotted versus the center-of-mass
energy (og scale). The data are compared energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*. with PYTHIA 6.4 Tune Z1and Tune Z2*.
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and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged PTsum density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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Particle Density Ratio
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®» Corrected CMS data at 900 GeV and 7 TeV # Corrected CMS data at 900 GeV and 7 TeV

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged particle density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

and CDF data at 1.96 TeV, 900 GeV, and
300 GeVon the charged PTsum density in
the “transAVE” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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defined by the leading charged particle
(PTmax) for charged particles with p; > 0.5
GeV/c and | < 0.8. The data are corrected
to the particle level with errors that include
both the statistical error and the systematic
uncertainty and are compared with the
overall charged particle density ¢traight
lines).
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®» Corrected CDF and CMS dataon the

charged particle density ratio, in the
“transverse” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8. The ratio corresponds to the
“transverse” charged particle density
divided by the overall charged particle

density (Ny,q=>1).

=» Corrected CDF and CMS dataon the
charged particle density ratio, in the
“transverse” region as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 for 5 < PTmax < 6 GeV/c. The ratio
corresponds to the “transverse” charged
particle density divided by the overall
charged particle density (N,,,=>1). The data
are plotted versus the center-of-mass energy
(log scale).
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corresponds to the “transverse” charged
particle density divided by the overall
charged particle density (N,,,=>1). The data
are plotted versus the center-of-mass energy
(log scale).
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=» Corrected CDF data at 1.96 TeV, 900 GeV, ®» Corrected CDF data on the charged particle
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defined by the leading charged particle (PTmax) for charged particles with p; > 0.5
(PTmax) for charged particles with p; > GeV/cand | < 0.8 with 5 <PTmax < 6
0.5 GeV/c andnfj| < 0.8. The data are GeV/c. The data are plotted versus the
corrected to the particle level with errors center-of-mass energylfg scale).
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transMAX” , and the“transMIN” in the “transMAX” , and the“transMIN”
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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®» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,

and 300 GeVon the charged particle density

in the “transMAX” , and the“transMIN”
regions as defined by the leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the

center-of-mass energylfg scale). The data
are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*.

and 300 GeVon the charged PTsum density
in the “transMAX” , and the“transMIN”
regions as defined by the leading charged

particle (PTmax) for charged particles with
pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the

center-of-mass energylfg scale). The data
are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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» Corrected CDF data at 1.96 TeV, 900 GeV, = Corrected CDF data at 1.96 TeV, 900 GeV,
and 300 GeVon the charged particle density and 300 GeVon the charged PTsum density

in the “transAVE” , and the “transDIF”, in the “transAVE” , and the “transDIF”,
regions as defined by the leading charged regions as defined by the leading charged
particle (PTmax) for charged particles with particle (PTmax) for charged particles with
pr > 0.5 GeV/c andiy| < 0.8 with 5 < PTmax pr > 0.5 GeV/c andi| < 0.8 with 5 < PTmax
< 6 GeV/c. The data are plotted versus the < 6 GeV/c. The data are plotted versus the
center-of-mass energylg scale). The data center-of-mass energylg scale). The data
are compared with PYTHIA 6.4 Tune Z1 are compared with PYTHIA 6.4 Tune Z1
and Tune Z2*, and Tune Z2*,
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"Transverse" Charged Particle Density Ratio "Transverse" Charged PTsum Density Ratio
>2 CDF Preliminary CMS solid dots ’ >e CDF Preliminary CMS solid dots .
corrected data CDF solid squares corrected data CDF solid squares ‘
_% generator level theory % generator level theory "TransMIN" ¢
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% Ratio of CDF data at 1.96 TeV, 900 GeV, = Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the and 300 GeVto the value at 300 GeMor the
charged particle density in the'transMIN™ charged PTsum density in thé'transMIN” |
and “transDIF" regions as defined by the and “transDIF” regions as defined by the
leading charged particle (PTmax) for leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and charged particles with p- > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass data are plotted versus the center-of-mass
energy (og scale). The data are compared energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*. with PYTHIA 6.4 Tune Z1and Tune Z2*,

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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®» Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the
charged particle density in the“transMIN”

®» Ratio of CDF data at 1.96 TeV, 900 GeV,
and 300 GeVto the value at 300 GeMor the
charged PTsum density in thétransMIN”

and “transDIF” regions as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune Z2*.

and “transDIF” regions as defined by the
leading charged particle (PTmax) for
charged particles with p; > 0.5 GeV/c and
In| < 0.8 with 5 < PTmax < 6 GeV/c. The
data are plotted versus the center-of-mass
energy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1 and Tune Z2*.

The data are “normalized” by dividing by the corresponding value at 300 GeV.
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data are plotted versus th"center-a 1 are plotted\grsus the center-of-mass
energy (og scale). The data are com| A . /rgy (og scale). The data are compared
with PYTHIA 6.4 Tune Z1and Tune PYTHIA 6.4 Tune Z1 and Tune Z2*,

The data are “normalized” by d\| /ding by the corresponding value at 300 GeV.
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Summary & Conclusionst s

» The “transverse density increases faster with center-of-mass energy
than the overall density (Nchg> 1)! However, the“transverse” =
“transAVE” region is not a true measure of the energy dependencé
MPI since it receives large contributions from ISR and-SR.

®» The “transMIN” (MPI-BBR component) increases much faster with
center-of-mass energy than théransDIF” (ISR-FSR component)!
Previously we only knew the energy dependence of ‘étnsAVE”.@

(D We now have at lot of MB & UE data at
300 GeV, 900 GeV, 1.96 TeV, and 7 TeV!
We can study the energy dependence
more precisely than ever before!

J

N\
=» Both PYTHIA 6.4 Tune Z1 (CTEQ5L) and PYTHIA 6.4 Tune Z2*

(CTEQG6L) go a fairly good job (although not perefc) in describing the
energy deperdence of the UE!
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Summary: & Ce clusmnsﬁ‘é

» The “bDovsgverse” density ing \ases fastey center-of-mass energy
than the al| density (N V! Hoy e“transverse” =
“transAV IS not S¥: e 2pendencé
MPI since it s 3 6R.

® The “transha What we are learning should
cen allow for a deeper understanding of MPI !
Previo which will result in more precise vE"

(D b predictions at the future §

LHC energy of 13 TeV!

> ecC
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=» Both PYTHIA 6.4 Tune Z1 . ne Z2*

(CTEQG6L) go a fairly good
energy deperdence of the
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